Background: Repair of ventral hernias, including primary ventral hernias and incisional ventral hernias, is performed in the United States 90,000 times per year. Open or traditional ventral hernia repairs involve the significant morbidity and expense of a laparotomy and a significant risk of recurrent herniation. Laparoscopic ventral hernia repair (LVHR) may offer a less-invasive alternative with shorter length of hospital stay, fewer cardiopulmonary complications, and low recurrence rates.
INTRODUCTION
Many ventral hernia repair methods have been described. Repair of ventral hernias is performed in the United States with a reported frequency of 90,000 procedures per year, including primary ventral hernias and incisional ventral hernias. Incisional ventral hernias occur after 3% to 20% of all laparotomies. [1] [2] [3] A traditional repair involved a laparotomy with primary closure of the fascial defect. Recurrence rates after open primary closures are high, ranging from 41% to 52% during long-term follow-up. 4 Ventral hernia repairs with implantation of mesh have also required laparotomy and extensive dissection but appear to result in lower recurrence rates in the range of 12% to 24%. 4 Open or traditional ventral hernia repairs involve the significant morbidity of a laparotomy, significant expense associated with laparotomy, and a significant risk of recurrent herniation.
LVHR was first reported in 1993. 5 Numerous studies have supported a belief that LVHR may offer a less-invasive alternative with shorter length of hospital stay, fewer cardiopulmonary complications, and low recurrence rates. 2,4,6 -8 The LVHR most commonly involves placement of a mesh material in the intraperitoneal position. The concern of visceral adhesion and erosion has been a reason cited for cautious adoption of these techniques. 3, 4, 8, 9 The development of dual or bilaminar mesh materials has led many surgeons to consider more liberal and frequent placement of mesh in the intraperitoneal position. It is believed that the veneer facing the viscera is safer and less likely to create opportunity for erosion or fistulization. 4, 10, 11 Animal study evaluation of multiple mesh materials indicates that polypropylene with Sepramesh, and polyester with collagen-polyethylene glycol-glycerol coated (Pari-etex Composite, Covidien, Mansfield, MA) minimize adhesion formation and maximize mesh incorporate and tensile strength for incisional hernia repairs. 4, [12] [13] [14] This study reports the 42-month follow-up of 225 cases of LVHR, 196 of which were performed using Sepramesh, by a single surgeon. It is believed to be the first study reporting the safety, efficacy, and complications for this frequently used dual mesh material in laparoscopic ventral hernia repairs with follow-up beyond 3 years. 
METHODS

Laparoscopic Ventral Hernia Repair Technique
Our patients were assessed preoperatively and counseled as to the surgical options. Operative repair was performed with the patient in the supine position. Antibiotic prophylaxis was given in the form of cefazolin, 1 or 2 g IV within 60 min of cut time. Pneumoperitoneum was established with a Veress needle in over 90% of cases with the Veress needle placed remotely from the site of previous surgery or hernia, usually in the left upper lateral subcostal position angling the needle away from the location of the spleen. Bladeless trocars were placed in the extreme lateral position through the abdominal wall, on the side opposite the dominant bulge of the hernia. In most cases, two 5-mm bladeless trocars and a single 12-mm bladeless trocar were used.
Adhesiolysis was then performed to provide a full, clean exposure of the entire peritoneal surface of the anterior abdominal wall. A typical abdominal wall appearance is that of a dominant incisional hernia that is often accompanied by adjacent smaller hernias (Figure 1 ). This is accomplished sharply, normally with the use of endoscopic scissors and cautery. Frequently, omentum and intestine were adherent or incarcerated within the hernia site. Clips were used to occlude any vessels in the omentum that might be prone to bleeding during and after this resection. The abdominal wall is then ready for hernia repair (Figure 2 ).
In the first 54 cases, no anchoring permanent sutures were utilized to secure the mesh to the fascia. In all subsequent cases, at least one permanent transfascial suture was used to anchor the mesh to the fascia. This technique was performed by placing the 0-Prolene, 0-Ethibond, or comparable permanent suture through the mesh at the desired position and making a corresponding skin incision on the abdominal wall, normally at the superior aspect of the fascial edge, at the midline of the hernia. The mesh was then soaked in antibiotic solution, rolled into a tight cyl- inder and introduced into the peritoneal cavity via the 12-mm trocar.
The mesh material was then unfurled within the abdomen and oriented such that the polypropylene layer would lie against the abdominal wall to incorporate, and the Sepramesh would lie toward the viscera and omentum, to minimize adhesion formation. The ends of the Prolene suture were then retrieved using an Endoclose device via the abdominal wall anterior incision, and the Prolene then secured the mesh and centered it over the hernia and fixed it to the abdominal wall. The suture was then tied down externally and the overlying skin closed with a 4 -0 Vicryl suture.
The mesh was then further secured to the anterior abdominal wall with the use of the Protac device, which deployed a corkscrew type metallic fixator to the abdominal wall. In the first 128 cases, 68 involved use of a metallic Protac device. After case #128 at which time a second postoperative bowel perforation occurred at a tack site, we switched to the AbsorbaTack device (Covidien, Mansfield, MA) exclusively. Tacks were secured with counter palpation along the external abdominal wall with numerous tacks placed on all aspects of the Sepramesh. The mesh is overlapped beyond the fascial edges by 3cm to 4cm in all directions.
After final inspections and confirmation of hemostasis, the pneumoperitoneum was evacuated. Ten-mm or 12-mm trocar sites in the upper abdomen were not routinely closed, and the 10-mm or 12-mm trocar sites in the lower abdomen were closed at the fascial level with 0-Vicryl suture. No drains were used. The skin sites were closed with 4 -0 Vicryl absorbable suture.
The CCS was administered to all patients available for follow-up by personal visit or telephone interview. The scale measured how satisfied the patients were with their mesh hernia repair. Follow-up after LVHR was 71% of the 225 subjects; 72 patients (32%) completed the herniaspecific CCS during the study period. The CCS score is derived by adding the scores from each of the 23 items. The best possible score is 0 and the worst possible score is 115 depicted in Table 3 .
RESULTS
There were 86 men and 139 women. The average age was 57. The mean BMI was 33kg/m 2 depicted in Table 1 . The LVHR was performed in each case. There were no conversions to open surgery. There were no intraoperative or anesthetic complications. In several cases, serosal injuries occurred to bowel during the adhesiolysis. These were often oversewn or imbricated using intracorporeal sutures. No enterotomies occurred. The most frequent size of mesh chosen was 6 inches by 8 inches (Table 4 ). This was often trimmed for shape and size somewhat. In nearly all patients, a single piece of mesh was used to cover the defect, but in 6 cases, more than one piece of mesh was required. In these 6 cases, the second piece was serially introduced and then secured in the same fashion using a second Prolene suture and more tacks. Mean operative time was 41 min ( Table 5 ). All patients were given an Median follow-up time was 42 months. Three patients were re-explored for unrelated reasons during the follow-up period. Two patients who were later re-explored exhibited significant adhesions to the mesh that were separable with the laparoscopic technique. One patient exhib-ited no adhesions whatsoever to the mesh at laparoscopic reoperation.
Thirty-four patients experienced postoperative seroma and reactive erythema or cellulitis treated with oral antibiotics. Two such cases occurred among the first 10 cases and advanced to severe cellulitis. Fourteen patients (6.22%) experienced postoperative ileus requiring hospital stay Ͼ48 hours ( Table 6 ). Hospital stay was Ͻ24 hours for 78% of patients, and the median length of stay was 16 hours (Table 5) . Two The CCS score is derived by adding the scores from each of the 23 items. The best possible score is 0, and the worst possible score is 115. patients (0.89%) experienced recurrence of a ventral hernia during the follow-up period ( Table 6) .
Two patients (0.89%) died within 30 d of LVHR surgery ( Table 5) , one of which was related to the procedure. This patient experienced early postoperative bowel obstruction and dilatation, followed by perforation where the metal tack in the abdominal wall penetrated the jejunum. The other died 3 wk after surgery of unrelated causes stemming from choledocholithiasis and complications of an endoscopic retrograde cholangiopancreatography (ERCP).
Two patients (one with Sepramesh and the other with
Compsix mesh) experienced serious complications of a bowel perforation related to exposed metal tacks perforating dilated bowel in the early postoperative state. One of these led to peritonitis and eventual death, and the other was resolved with reoperation.
Follow-up after LVHR was 71%, and 32% of patients completed the hernia-specific CCS. On a scale from 0 to 40, mean reported score for "Sensation" was 3.6, and mean score for "Pain" was 3.2, indicating a low level of awareness or discomfort from the mesh (Table 7) .
DISCUSSION
Despite an average BMI of 33, and a series that includes 54% incisional hernias and 28% recurrent ventral hernias, 78% of the patients in this series left the hospital in Ͻ24 h after their procedure. In over 3 y of follow-up, no longterm erosion or fistulization has occurred, and the hernia recurrence rate has been slightly less than 1%. Among the 72 patients who completed the CCS survey, 90.3% reported little to no awareness or pain from the mesh.
One super morbidly obese patient developed a seroma in the region of the hernia sac following reduction of a large wad of chronically incarcerated omentum and placement of Sepramesh. The patient went on to develop necrosis of the paper-thin overlying skin and subcutaneous tissue that required debridement. The resulting exposed naked mesh was treated with wound packing and eventually with a wound vacuum-assisted closure (V.A.C., Wake Forest Baptist Health, Winston-Salem, NC) device. This granulated over a period of 12 wk and required no further medical or surgical intervention, and has resulted in an effective repair of the hernia.
Two patients died within 30 d of surgery. One patient who was discharged home on postoperative Day #2 developed a delayed intestinal perforation and sepsis. At reoperation, the patient was found to have an intestinal injury at the site of an exposed metallic tack from the laparoscopic metal tacking device. The patient had experienced ileus and intestinal distention, leading to direct contact with this exposed tack, and subsequent bowel perforation. The patient had chronic obstructive pulmonary disease (COPD) and an advance directive limiting prolonged care and life support, and the patient died after support was withdrawn. The second patient who died within 30 d after laparoscopic incisional hernia repair was readmitted 20 d after discharge with choledocholithiasis and died from complications of an ERCP procedure, unrelated to the hernia repair surgery.
In sum, 2 patients experienced a serious complication related to LVHR with mesh. Both patients suffered a delayed intestinal perforation at the site of one of the metal tacks used to secure the mesh. In both cases, the metal tacks were exposed, likely due to incomplete tissue purchase. Both experienced a significant postoperative ileus and had distended bowel that lead to direct contact with the sharp metallic tacks. In both cases, laparotomy was performed and a washout and enterotomy repair or resection was performed. In one case, the patient recovered uneventfully, but in the other case described above, a patient with serious comorbid conditions and COPD, support was withdrawn and the patient died.
Many patients exhibit a reactive erythema or cellulitis over the abdominal wall in the area where the mesh was implanted. This has always responded to oral antibiotic therapy with either a first-generation cephalosporin or oral quinolone therapy. Because of 2 early severe cases, and because this erythema or cellulitis is so frequent following this technique, a 1-wk postsurgical antibiotic course has become a part of our current protocol. Introduction of this protocol has eliminated the cellulitis that is otherwise frequently seen in the postoperative period. This remains a subject of evaluation in our center.
Hernia recurrence after laparoscopic repair was rare in this series. The laparoscopic repair technique affords a unique view of the hernia defect and often allows for recognition of additional adjacent fascial defects (Figure 2) . This added visualization, in addition to the wide overlap of mesh beyond the fascial edges, results in a low recurrence rate.
Our experience from this study has lead to a change away from the metal tacking device for laparoscopic ventral hernia repairs. In this series, 2 patients developed a serious complication related to surgery and these specific tacks. Since changing to an absorbable tacking device without sharp exposed metal, no further bowel injuries or serious complications have occurred.
Two patients developed recurrent hernias in this series in 48 mo of follow-up. Both cases involved laparoscopic mesh repairs without transfascial anchoring abdominal wall sutures. Further supporting the concept that abdominal wall fixation sutures are necessary, others have noted that the spiral tacks are 4-mm long. Depending on the thickness of the mesh used and the angle at which the tacks are placed, it can be expected that only Յ2 mm of abdominal wall tissue will be penetrated by the tack. Abdominal sutures are believed to have higher tensile strength.
Other authors have also commented on the necessity of abdominal wall sutures. 6, 15 Our technique has evolved over time to now include placement of at least one transfascial suture to anchor the mesh and place it with optimal orientation and fascial overlap. Larger hernias warrant more transfascial sutures in our opinion.
Intestinal erosion or fistulization has been reported with polypropylene and polyester mesh materials. 3, 4, 8, 16 Multiple mesh materials have been devised in an effort to reduce intestinal fistulization. These include an expanded polytetrafluoroethylene Goretex Duel Mesh (ePTFE, Flagstaff, AZ) material with one smooth side serving as an adhesion barrier that is oriented toward the viscera. One material combines the ePTFE layer with a polypropylene layer (Composix, Bard Inc.). Sepramesh combines a Seprafilm layer on a polypropylene base. Animal studies suggest more intestinal adhesions but no greater abdominal wall in growth with polypropylene-based meshes than with purely ePTFE materials. 4, 14, 17, 18 In this study of 225 patients, 2 early bowel injuries occurred related to a phenomenon of intestinal ileus followed by perforation from contact with a sharp metal tack. No erosion or fistulization has occurred over 42 mo of follow-up with any of the other patients in the study.
Long-term risk of erosion from intraperitoneal placement of mesh remains a potential concern, and future studies will determine if the bilaminar mesh materials such as Sepramesh do effectively discourage the type of adhesions from the viscera to the mesh that could lead to fistulization over a longer time period.
Mesh awareness and pain have been reported in previous studies of ventral hernia repairs. 15 Because the polypropylene mesh matrix is a permanent material forever present and affixed to the peritoneum, it is reasonable to expect some long-term mesh awareness. On the CCS instrument, 9.7% (7 people) reported a score of Ͼ10, indicating that 90.3% of patients (65 people) experienced neither awareness nor pain (Table 7) .
CONCLUSIONS
Laparoscopic ventral incisional hernia repair using polypropylene with Sepramesh is a safe, effective, and durable technique. Follow-up past 3 y indicates a durable repair with rare hernia recurrences and very low pain sensation. Re-exploration in 3 patients shows variable adhesions to the mesh, with 1 patient exhibiting no adhesions and 2 exhibiting adhesions that allowed laparoscopic adhesiolysis. The 2 episodes of bowel perforation due to the metal tacker device in the setting of postoperative ileus and bowel distention has led us to change away from this metal device to lower profile absorbable tacker device.
Follow-up has taken place over an average of 3.4 y. In the follow-up period, 2 of the ventral hernias recurred and were rerepaired with a laparoscopic ventral hernia technique. These recurrences happened among the first 50 cases and did not involve any transfascial sutures. The mesh appeared to have slid or migrated exposing the fascial defect and leading to a recurrence. The subsequent repair was successful.
During the follow-up period, 3 patients were re-explored in a delayed fashion more than 1 y after surgery. One of these with the recurrent hernia mentioned above and 2 were for unrelated reasons. In 2 of the cases, adhesions were present to the anterior abdominal wall. These were reducible with laparoscopic adhesiolysis techniques. The adherent omentum and viscera peeled away from the mesh relatively easily. In the third case, no adhesions were present to the anterior abdominal wall except for one thin single band.
Incisional hernia is the most long-term common complication of a laparotomy. LVHR has emerged as an effective technique with a short hospital stay, low recurrence rate, and low complication rate. Lessons learned from this longitudinal experience are that the procedure can be safe and effective with durable long-term results and little long-term pain or awareness of the mesh. In addition, technical lessons learned include avoidance of metallic tacks, use of at least one transfascial anchoring suture, and liberal use of postoperative oral antibiotics for overlying cellulitis.
Mesh awareness or mesh-related pain appears to represent a minimal concern at 42 months of follow-up. This compares favorably to other reports of mesh awareness or pain from traditional repair techniques. 19 -21 In addition, mesh erosion or fistulization over time appears to be nonexistent with Sepramesh in this time frame.
Weaknesses of this study include its case-series methodology, which precludes a control arm or trial format. While our community of Northern Nevada is a small one and generally results in a high degree of knowledge of long-term complications among former patients, the possible bias introduced by those patients lost to follow-up is always a concern. Longer term reporting will be necessary to address the long-term rate of hernia recurrence and fistulization.
